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There is little need to stress the limitations
imposed by functional deficits involving both
lower limbs. At best the ability to walk on
le~el surfaces is reduced and the ability to
clImb up and down is restricted. Older pa-
tients may become dependent on help for
some of the normal activities of everyday
life. Younger patients may be unable to earn
a living. For both there is the fundamental
loss of dignity associated with personal de-
pendence. For the community there is the
economic burden of an ever increasing num-
ber of people who are non.productive and
require individual assistance. The numbers
who are surviving amputation of both lower
limbs is increasing, and the problem is there-
fore acquiring a degree of urgency.
This paper is based on experience at the
Repatriation Artificial Limb and Appliance
Centre and the associated Day Centre in Syd-
ney. The majority of the patients are old, but
a small number of servicemen recently
wounded in Vietnam, have also been treated.
The increase in the numbers referred for
limb-fitting after amputation of the second
leg has been associated with a programme of
below-k?-ee amp.utations to which rigid plaster
of ~ans dressmgs have been applied im-
medIately after operation. The patients in-
clude those who have retained either one or
both knees together with a small number of
bilateral above-knee amputations. No attempt
has been made to analyse the results statistic-
ally, but the experience gained has seemed to
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be valuable and to warrant reporting in this
form.
The rehabilitation goal fonowing amputa-
tion was clearly sta.ted by Pedersen et al
(1964) "the goal is not merely survival of a
patient, but return to society of a useful in-
dependent citizen". Reduced to practical
terms this is largely a matter of ensuring loco-
motor independence.
After amputation, function is lost in almost
direct proportion to the level at which it was
done - or more specifically to the number
of joints which have been involved. The
modern prosthetic foot is made of rubber
ahout a central wooden keel. It absorbs
shock, simulates the effect of plantar flexion
and even accommodates, to a limited extent,
to uneven surfaces.
In essence it is only the push-off action of
the calf muscles which is irreplacable, but tbe
need for this is limited, and in practice, reo
placement of the foot restores almost full
locomotor function. After below-knee amputa-
tion the patient can therefore anticipate that
he will engage in the same sort of activity as
was possible before operation. Loss of the
knee is quite another matter. Attention has
heen drawn to the hinge-like quality of the
prosthetic knee which can flex but cannot
hyperextend. A degree of voluntary stability
is available from extension of the stump at
the hip. For the rest, stability while bearing
weight is achieved by alignment of the axis
of the prosthetic joint so that gravity exerts
an extending moment and by the "uncons-
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dous" response of the trunk to proprioceptive
stimuli. Some degree of "unconscious" stabil-
ity is now built into modern hydraulic knee-
joint mechanisms produced in America and
in mechanical units developed in England.
These are expensive and are still under trial
in this country, but in time they will certainly
replace the German components which have
enjoyed a degree of support for want of some·
thing better. Apart from the questi'on of
stability, extension under load is difficult with
a prosthetic knee joint and as we are depend-
ent on this action for sitting, standing up or
climbing steps, loss of the knee is associated
with irreplaceable loss of function.
The prosthesis is controlled mechanically
by leverage derived from the stump. The most
important factors in restoring function by
means of limb prostheses, after retention of
the knee, are therefore the power and mobility
of the stump. Restriction of movement at any
of the major joints must be compensated by
those that remain free and stiffness at resi-
dual joints reduces the power and adapta-
bility of the prosthesis, seriously limiting
potential performance.
Most paired organs function in such a way
that the remaining member assumes some of
the funotion of the one that has been lost.
The loss of the second is therefore a far more
serious event. This applies as much to fimbs
as it does to the organs of special sense. After
amputation the remaining leg provides stand-
ing balance and permits of locomotion with
crutches. The patient learns to balance on his
proSithesis and then to walk from the "base"
provifled by the sound leg. After bilateral
amputation he is deprived of the propriocep-
tion, balanre and support which enabled him
to rely on the sound leg. Rehabilitation goals
therefore, may have to be limited, but it is
essential that they be defined so that a pro-
gramme can be tailored to the resources of
the individual patient. Physical and sensory
demands in elderly subjeots are high. The
diminished exercise tolerance of cardiac or
respiraJI:ory pathology, poor balance, failing
vision and difficulty in understanding or
remembering instructions often combine to
reduce these goals still further. Complete
personal independence may be possible for
some, but for many, even after successful
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prosthetic restoration, some help will be
needed in their day to day activities. The goal
however is to keep this to a minimum so that
at least the patients can return home and
avoid permanent institutional care.
In general, prosthetic training of bilateral
geriatric amputees cannot be achieved quick-
ly. It is a slow process involving many
months, not only while the patient is in hospi-
tal, but extending into convalescence after
discharge. Elderly patients tire easily and are
not capable of prolonged periods of concen-
tration or effort. Their physical performance
is better if physical therapy is divided into
several short periods over the day with rest
periods in between, and occupational therapy
programmes and group discussions should be
organised in the intervals between more active
physical therapy sessions.
The independence of the bilateral amputee
will ultimately depend on his ability to bal-
ance on his prostheses. He should not start
walking until he has ,taught his stumps to
interpret the pressures in the sockets around
them. In effect he is learning to use his stumps
as feet, not in a weight bearing sense, but as
proprioceptive instruments. Unless he is en-
couraged to use his stumps to "get the feel"
of ground resistance, his balance will never
be very good. His training should take place
in front of a mirror. In the absence of ana-
tomical feet he will use his eye to determine
where his prosthetic feet are, and will be
watching the ground, and this should be
avoided.
Naturally before balance work can be
started he must learn to stand up and sit down.
This is usually much easier for the bilateral
below-knee amputee than for <the patient who
has one amputation above and one below the
knee. The latter depends on his arms and knee
to rise and he may have to turn sideways till
he faces the back of the chair, when, using his
arms he pushes himself up until he can "lock"
the knee of the above-knee prosthesis. Stand-
ing up in the conventional manner requires
considerable balance and strength. The body
weight must be brought forward and raised
over the below-knee "leg" while the hip on
the side of the above-knee amputation is ex-
tending to "lock" the knee. This requires a
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great deal of practice and involves the elderly
patient in considerable effort.
lIe must learn the basic components of
u step before he can start to walk, learning to
transfer his weight from prosthesis rto pros-
thesis, first in a lateral direction and then with
each leg leading. For the patient with one
amputation above and one below the knee,
the limb with the knee joint becomes the
"good" leg and the patient is taught to "lock
and unlock" the prosthetic knee on the other
reg. He then learns to stand without support
moving his arms while maintaining balance
on his prostheses. Occupational therapy activi-
ties at this stage are useful in improving
standing balance while working with the
hands. Time spent on learning balance and
weight transference is never wasted. Failure
to learn to transfer weight correctly results in
faulty gait patterns, lack of confidence and
over-dependence on walking aids.
We have found elbow crutches most satis-
factory in the early stages of gait training.
Provided he has learnt to transfer weight
correctly the patient will not take too much
weight on his hands, and in negotiating kerbs
or uneven ground the crutches will provide
better balance than is obtainable from canes.
Later tthe bilateral below-knee amputee will
progress to canes, but the patient who has re-
tained only one knee may prefer to keep the
elbow crutches.
PROBLEMS IN REHABILITATION
Oedema
One of the major pre-prosthetic problems
is the oedema which develops in the stump
after amputation. A limb fitted before the
oedema has been completery controlled soon
becomes illfitting because the stump continues
to shrink. Early limb-fitting of an oedema-
tous stump is therefore expensive and frus-
trating. On the other hand where fitting is
delayed, morale tends to drop, physical re-
sources to atrophy, and in older partients
particularly, ,the difficulties of acquiring the
neuromuscular patterns of prosthetic gait in-
crease. The role of the rigid post-operative
plaster of paris dressing in preserving the
viability of below-knee stumps in patients
suffering from peripheral vascular disease
has been stressed by Burgess (1969). Other
writers have drawn attention to the fact that
with such dressings patients are usually more
comfortable, post-operative oedema is con-
trolled or prevented, and limb-fitting and gait
training can be started much sooner. (Mur-
doch 1969). It is essential that the physical
programme of the amputee with an immediate
post-operative prosthesis be supervised by a
therapist familiar with the procedure.
Damage to Skin
The skin of elderly patients is thin and
fragile, there is usually far less subcutaneous
padding and sensation may be diminished.
They blister easily and a break in the con-
tinuity of the skin heals slowly and is easily
infected. This is more marked with peripheral
ischaemia. The reduction in pain may prompt
the patient to take too much weight on the
stump too quickly. This may cause trauma
and may seriously prejudice the rehabilita-
tion programme.
Stump loads through the immediate poSlt-
operative prosthesis are best controlled by the
use of bathroom scales. This provides an
objective measurement and enables the thera-
pist to control increase in weight bearing
stresses. Walking is usually delayed until a
removable plaster socket is provided. The
stump should then be inspected frequently
and in the early stages of walking, this may
be necessary every 2 to 3 minutes. It is a
tedious process but it is far bertter than the
deray caused by even the most superficial
abrasion. After bilateral amputation the prob-
lem is aggravated by instability and the risk
that sudden loss of balance may impose
momentary damaging loads_ Balance is there-
fore important and weight bearing is often
delayed until the sutures have been removed
and the wound has healed. Where the interval
has been long enough for the patient to have
been fitted, training may be started earlier
than is possible when the second amputation
follows shortly after the first. After bilateral
below knee amputation, training can usually
be started early. Where amputation has been
done at different levels, training is easier if
the first amputation was done above the knee.
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Once the patient has started walking local
pain should always be treated seriously, and
the skin inspected for the reddening which
results from pressure, The cause of undue
stress must be established before ,the skin is
damaged. The pressure tolerant areas must be
defined and the area and depth of reddening
noted. Over use will result in excessive red-
dening in the areas where it is normally to be
found.
Malalignment produces a tendency for the
sO£ket to rotate about the stump, so that
theoretically pressure should be noted at two
opposing points. The varying tolerance of
skin overlying muscle and bone however may
make this difficult to distinguish from the
effects of a poor fit. Failure to establish the
precise cause of the problem may result in
"adjustments" to a perfectly fitting socket
when all that is required is a correction of the
relationship of the various parts.
Diagnosis demands an understanding of the
biomechanical principles of prosthetic design,
and is often only achieved by the closest co-
operation between the physiotherapist and
prosthetist. An ideal situation pertains where
gait training takes place in the premises in
which ,the prostheses are manufactured, and
immediate consultation and adjustment of the
prostheses are possible.
Joint Stiffness and Flexion Contractures
A major problem in rehabilitation after
amputation is persistence of stiffness at the
remaining joints and in bilateral amputees
the functional loss, superimposed on a situa-
tion in which the patient is operating close
to the limit of his physical resources, may
prove critical. Many flexion oontractures have
their beginnings in the period prior to ampu-
tation, when the patient is confined to bed
or a chair while attention is focused on rest,
pain or an indolent ulcer. A programme of
physical therapy, with mobilisation of all
joints by active and passive movements,
should commence as soon as possible for any
patient who is likely to require amputation.
After amputation, active and resisted move-
ments, combined with gentle passive stretch-
ing, should be started as soon as any reSll:ric-
tion is noticed. In below-knee amputations
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progressive removable splints are useful In
maintaining any increase in the range of
movement.
Fo,r some years we have no<ticed how flexion
contracture at the knee improves when treat-
ment is combined with the wearing of patellar
tendon bearing (P.T.B.) prostheses. This is
almost certainly due to the work done by,
and the increased power of, the extensor
muscles of the knee. By contrast we have
been impressed with the difficulties experi-
enced in reducing hip flexion in older
patients. The above-knee prosthesis does not
provide the residual hip extensors with any-
thing like the work required of the extensors
of the knee when the below-knee stump is
fitted with a P.T.B. since the hip extensors
only operate freely if the flexion is more than
adequately accommodated in the socket of the
prosthesis. In recent years with the establish-
ment of adequate staff in the same premises
as the limb-fitting centre, we have been able
to provide treatment which is far more vigor-
ous and the results have been much better. It
is important that, particularly with above-
knee flexion contractures, treatment should
not be confined to just one hour a day, but
should be repeated as often as the patient will
tolerate it. Recently we have seen most en-
couraging results from surgery in patients
who had previously been resistant to the most
intensive efforts to relieve their hip flexion.
After surgical release of the soft tissues they
have responded spectacularly to further
physiotherapy.
The bilateral amputee wiH clearly draw on
all his available physical resources and there
is a clearcut need to ensure that the pro-
gramme includes exercises designed to
strengthen arm, spinal and abdominal muscles.
These are sometimes forgotten in the attempt
to train him in the use of his prostheses.
SELECTION OF PROSTHESES
Prescription details are most important.
The bilateral below-knee amputee usually
finds that two P.T.B. type prostheses are most
effective. Exceptions to this occur when there
has been extensive skin grafting or scarring,
when there is joint pathology which reduces
the weight bearing tolerance of one or both
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of the knee joints or when there has been
marked wasting of quadriceps muscles, and
associated instability of the knees. Under these
circumstances the patient is best fitted with
thigh lacing "slip" socket type limbs.
We have also found that following bilateral
amputation at different levels, that is, one
above and one below-knee amputation, the
P.T.B. has proved unsatisfactory. Although
the numbers are small - we have treated 8
- they have occurred both in older patients
suffering from peripheral vascular disease and
in the young victims of trauma, for example
the casualties resulting from the mines
used in the Vietnam campaign. This does
not appear Ito be related so much to stabitity
as to neuro-muscular patterns. Vitali and
Harris (1964) at Roehampton have drawn
attention to the difficulties in training older
patients who have amputations at unequal
levels, and the walking pattern with thigh
lacing prostheses is closer to that of the above.
knee amputation than the pattern with a P.T.B.
The individual patient who already has prob.
lems of balance may well find it easier to
manage similar rather than dissimilar limbs.
The above-knee prosthesis in the bilateral
amputee should if possible have a suction
socket type suspension, but donning this will
often be beyond the capacity of older patients
who will then have to be fitted with a pelvic
band as the suspensory mechanism. Generally
some type of friction locking mechanism in
the knee joint is desirable for the bilateral
amputee.
Little has been said about the bilateral
above-knee amputation. When this occurs in
older patients they can only achieve any sort
of locomotive function with short "peg" like
legs and these are usually discarded in favour
of a wheelchair. Younger patients however do
manage on legs with articulated knees, but
usually require a friction mechanism in one
knee and invariably need a prolonged and in-
tensive period of physical training as they
draw heavily on all their remaining resources.
DISCUSSION
If one looks back from the vantage point
of a limb-fitting service devoted to the needs
of ex-servicemen, it is apparent that the re-
serves available to otherwise healthy young
adults deprived of one leg have been enorm-
ous. One sees how many of them have success-
fully gone through life from one or o,ther of
the wars wearing completely outmoded plug
fitting above-knee or thigh lacing below-knee
prostheses for which they received no training
and with which they have earned a livelihood,
married and participated in the affairs of the
community. Clearly these reserves are such
that the rehabilitation of ,the unilateral young
adult amputee presents relatively little chal·
lenge and can be successfully accomplished
with very fimited skills. By contrast the patient
who loses both limbs - particularly if he is
old - o~ten finds his physical resources
eroded to the point where he is dependent to
greater or lesser eXltent on others. In economic
terms he becomes a burden to the community
while the quality of life which remains may
make him a burden both to himself and to
those on whom he must rely. The rehabilita·
tion of these patients is a challenge calling
for the mobilisation of both community and
individual resources and for the display of
considerable understanding and the highest
professional skills. We now recognise the
prophylactic value of pre-operative attention
to joints; that the provision of immediate
post-operative plaster dressings makes for
greater comfort and earlier recovery; how
the proper selection of prostheses and train-
ing in their use exercise a profound influence
on the final level of rehabilitation. This calls
for a combination of surgical judgment,
manufacturing know-how and paramedical
skiUs, but in our view, the role of the
physiotherapist is crucial. It is exercised all:
every stage and in N.S.W. certainly {lould
well be extended to include responsibility for
the rigid dressing - more particularly since
only the barest introduction to the subject is
given to medical students. However it calls
for an understanding of the biomechanical
considerations underlying the design of
modern prostheses, as well as an appreciation
of the problems posed by ischaemic tissues.
Surveys carried out in England, Europe and
America show that from 60 to 90 per cent of
amputations are now done because of peri.
pheral ischaemia in patients who are over 60
(Warren and Kihn 1968) and that the prob.
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lem is increasing and has increased from 34
per 100,000 to 129 per 100,000 in Sweden in
the period between 1947 and 1962. (Pedersen
1968). American surveys (Mazet 1967) have
shown that increasing numbers are now sur-
viving to undergo amputation of the second
leg and in a recent series at the Repatriation
General Hospital at Concord, 9 of 22 patients
were undergoing a second amputation. (Caine
and Collins 1971). Clearly an ever increasing
proportion of general hospital resources are
being devoted to the needs of the elderfy
amputee. Many of these patients, and in par-
ticular those who survive to undergo amputa-
tion on the second leg, may well become an
intolerable burden both to themselves and
the community. It is our belief that physio-
therapists are ideally situated to cope with
this problem and that their training should
ensure that they are able to do so.
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